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Abstract  
Occupational injury has sparked more concern to the manufacturing industry since it may give an impact to the organization 
especially on financial viewpoint. However, there is lack of consensus between researchers in identifying occupational accident 
indirect cost components.  This study proposed an assessment of the indirect cost model by using confirmatory factor analysis 
(CFA).  In total, there are 344 cases (which occurred between 2008 and 2013) were considered in developing the model and those 
cases were obtained from six different sectors in manufacturing industry.  Data collection process involves reviewing previous 
accident record in that particular company.  Besides, several interview sessions with site safety officers, representatives from 
human resource and account department, supervisors and operators were conducted in order to estimate each of indirect cost 
components.  Both approaches also known as local specific approach.  Then, CFA is performed to validate the model proposed 
by examining the relationship between observed variable and its latent construct.  The observed variables are productivity loss, 
worker replacement cost, administration and legal cost, investigation cost, machine and equipment damage cost and product 
damage cost whereas latent construct used in this study is accident indirect cost.  The CFA result shows that the occupational 
accident indirect cost model has acceptable goodness of fit.  In conclusion, indirect cost components are productivity loss, worker 
replacement cost, administration and legal cost, investigation cost, machine and equipment damage cost and product damage 
cost.  
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1. Introduction 
Occupational accident will cause significant impact on financial aspect to the organization and would disrupt the 
daily routine.  Besides, serious accident may give bad image to the company in the long run.   Therefore, there is 
necessity to elevate awareness among related stakeholders such as top management, workers, government and 
others.  Introduction of accident cost calculation is the best approach to reduce the occurrence of workplace accident 
since top management always concern about dollar and cents rather than paying attention on number of accidents. 
 
However, researchers still struggle to come up with reliable accident cost estimation method due to unavoidable 
reasons.  For example, cost estimation is relatively complex since many visible and hidden costs should be taken 
into account in order to get an accurate estimate.  Managers also asserted that accident cost estimation is lengthy 
process and require proper training and guidance before getting used to it (Gavious et. al., 2009) [6].  Hinze (1991) 
emphasized the importance of simple yet reliable methodology and quantifiable cost information that able to show 
the true cost of accident [8].  It may help management to make sound decision in improving workplace safety such 
as making resource allocation, safety staff deployment and investment in training programs (Sun et. al., 2006) [14].  
With these shortcomings, it has discouraged many organizations from looking into this matter seriously.  They also 
reluctant to use the methodology proposed by researchers due to estimation difficulties (Dorman, 2000). 
 
Basically, accident cost can be divided into two categories which are direct and indirect cost.  Direct cost refers to 
cost that can be easily identified by the employers while indirect cost is somewhat hidden and difficult to calculate.  
The indirect cost components also are not easily identified (Jallon et. Al., 2011) [12].  Therefore, management tend 
to underestimate this cost category.  However, Gosselin (2004) revealed that there is no consensus on cost type 
definition among researchers [7].  Simon and Grimaldi (1963) proposed cost classification based on insured and 
uninsured cost [13].  In this paper, we only concentrate on indirect cost estimation since this cost will give greater 
financial implication directly to the company as compared to direct cost.  Majority of expenses of direct cost is 
covered by government, social security organization (SOCSO) and insurance company. In addition, Accident Cost 
Iceberg theory suggested by Bird (1974) found that hidden cost is far larger than cost directly related to accident [2]. 
 
According to Sun et.al (2006), there are four cost components that are important in estimating the indirect cost 
which are productivity cost, worker replacement cost, legal and administrative cost and investigation cost [14].  
Nevertheless, we proposed to include another two cost components which are product damage cost and machine 
equipment damage cost.  From our literature review and observations these two components certainly will add 
financial burden to the company during the event of accident and should not be neglected in estimating the cost.  
There are possibilities of machine breakdown when accident happened and work-in-progress product also can be 
damaged due to interruption of manufacturing process.   The details for each cost components are shown in Table 1. 
 
The objective of this research is to validate the indirect cost model for occupational accident cost. The validation 
process includes examining the relationship indirect cost against those six components (productivity cost, worker 
replacement cost, legal and administrative cost, investigation cost, product damage and machine equipment 
damage). 
 
This paper proposes to validate indirect cost model for occupational accident cost by using confirmatory factor 
analysis (CFA) method.  CFA will assess the relationship between six observed variable and their underlying latent 
(unobserved) construct.  In this case, latent construct is represented by indirect cost (IndC) while observed variable 
proposed are productivity cost, worker replacement cost, legal and administrative cost, investigation cost, product 





293 Jafri Mohd Rohani et al. /  Procedia Manufacturing  2 ( 2015 )  291 – 295 
According to Diana (2014), CFA is quite popular in social science field for example psychology and social 
studies.  Based on literature the application of CFA method also not common in research studies on engineering and 
occupational accident cost estimation [4]. Pratarelli (2002) adopt CFA technique to investigate the relationship 
internet addiction with sexual factor, internet use factor and addict factor [11]. Diana (2014) validated airport delay 
construct which consists of demand, operation and delay against six observed variables in civil aviation industry [4]. 
Lietdka (2002) used confirmatory approach to evaluate the effect of information content towards nonfinancial 
performance [10]. 
 
Table1. Details of indirect cost components 
Cost components Details 
Productivity costs 
When accident occurs, the company may need to shut down their plant with directive from DOSH. This will require 
overtime when the plant set to resume its operation in order to fulfil customer demand and cause production delay at 
the same time. 
Replacement costs Any injured or death workers need to be replaced to maintain production output. An additional workers would incur hiring cost and cost that associated with staff training. 
Legal and administrative 
cost 
Resources that need to be allocated by the employers in term of man power or financial aspects. The resources is 
utilized to do data entry in the accident registry, issue accident notification report, compile accident statistics and 
monitor the file. 
Cost of investigation 
Internal and external investigation team will be dispatched to the accident location once workplace accident 
happened. This team will assess the cause of accident before taking any further actions. Deployment of this 
investigation team involved certain cost since they need to spend their time to focus on this accident rather than doing 
their normal job. 
Product damage Some work-in-progress product may be damaged due to interruption of its manufacturing process due to machine emergency stop during accident event and may not be repaired. 
Machine equipment 
damage Machine could be malfunction during the accident or certain parts or equipment may need replacement. 
2. Methodology 
      The objective of this research is to validate the indirect cost model for occupational accident cost. The validation 
process includes examining the relationship indirect cost against those six components: productivity cost (ProdC), 
worker replacement cost (WorkRepC), legal and administrative cost (AdminC), investigation cost (InvestC), product 
damage (ProdDC) and machine equipment damage (MachEqC).  Therefore, confirmatory factor analysis is used to 
analyze and validate the model.  Indirect cost is considered as latent construct (exogenous) since the value is non-
observable while the six cost components are known as observed variables (endogenous).  These observed variable 
can be obtained by collecting the data at target companies.  The connection between latent and observed variables 
formed a measurement model.  This measurement model can also be called as hypothesis model for this study.  The 
model is shown as in Fig 1. 
 
 
Fig 1. Indirect cost model 
 
  
294   Jafri Mohd Rohani et al. /  Procedia Manufacturing  2 ( 2015 )  291 – 295 
This data has been collected through local specific approach from six different companies which represents six 
different sectors in manufacturing industry. The sectors included as follows: (a) sawmills and planning (b) 
manufacture of furniture and fixture (c) industries related to printing and publishing (d) manufacture of plastic 
products (e) manufacture of electrical and electronic products and (f) iron and steel basic industry. 
 
Occupational accident case was obtained by reviewing company’s previous accident record. Case recorded 
between 2008 and 2013 has been selected and severity of accident limited only to temporary disability. Besides, first 
aid cases (which has no medical leave, MC = 0) were excluded from this study. Finally, there are 344 cases available 
in total after data verification process is completed.  For each occupational accident, the site safety officer in charge, 
human resource and account department officer, supervisor, victim and related co-workers were interviewed in order 
to estimate the actual cost for each cost component. Then, the data is stored in SPSS Version 20 software.  Model 
validation by using CFA method is done by using AMOS Version 21 software. 
3. Results and discussions 
The standardized regression weights for each cost components are depicted as follow: productivity cost (β = 0.73, 
p < 0.05), worker replacement cost (β = -0.11, p < 0.05), legal and administrative cost (β = -0.26, p < 0.05), 
investigation cost (β = -0.14, p < 0.05), product damage (β = -0.07, p > 0.05) and machine equipment damage (β = 
0.77, p < 0.05).  The cost components are considered statistically significant since the p-value is less than 0.05 
except for product damage.  However, based on our observation product damage would give an impact to indirect 
cost because in certain circumstances any work-in-progress product can be damaged if the production process is 
interrupted during accident event.  Therefore, product damage cost is retained inside the model. 
 
Application of goodness-of-fit (GFI) indexes are very important in order to validate the hypothesis proposed.  
Several researchers have introduced several fit indices that can be used as a guideline in order to avoid 
misjudgments in interpreting the result (Hooper et. al., 2008).  Besides, each fit indices has its own interpretive 
measure to help us to conclude the model fit.  However, some of the indices are under scrutiny and some researchers 
has called for abolishment due to its invalidity in current situation (Barrett, 2007) [1].  Generally, the value of GFI is 
range between 0 and 1 while the cut-off point of 0.90 or greater shows a well-fitting model.  For this case, the GFI, 
AGFI stood well above 0.90 (GFI=0.972 and AGFI=0.935).  This shows the ability of the model to fit with the data.  
 
In other hand, chi-square value indicate the model is significance (p = 0.001) since it does not exceed threshold 
value of 0.05 (Barrett, 2007) [1].  In other hand, root mean square error of approximation (RMSEA) also been use in 
this validation process.  RMSEA regarded as one of the most informative fit indices due to its sensitivity to the 
number of estimated parameters in the model.  This indices would examine the ability of the model with unknown 
variables but optimally chosen parameter estimates would fit the populations of covariance matrix (Byrne, 1998) 
[3].  The RMSEA value for this indirect cost model is 0.081 which is slightly higher than acceptable value of 0.08 
and can be concluded having a fair fit.   
4. Conclusion 
Using the cases from six different sectors in manufacturing industry, the objective of using CFA approach was to 
validate the hypothesized model which assumed there is relationship between indirect cost and six observed 
variables (i.e. productivity cost, worker replacement cost, legal and administrative cost, investigation cost, product 
damage and machine equipment damage).  The model demonstrate acceptable goodness-of-fit which indicate the 
importance of each cost component in contributing to occupational accident indirect cost.  In other words, the 
hypothesis proposed can be regarded as true by evaluating the fit indices.  Besides, machine equipment damage with 
productivity cost would give greatest effect compared to other cost components.  Usually, accident event will disrupt 
the production operation.  This will significantly reduce the productivity of an organization and in worst case unable 
to fulfill customer orders.  Therefore, management should put more concern on addressing occupational accident by 
putting more investment on prevention programs.  
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Future research should be done in order to assess the effectiveness of this model to different type of industry for 
example construction, agriculture, utility and others.  Currently, it is unclear whether the factor loading value and 
model fit indices would remain consistent or not.  Furthermore, there is no research on CFA has been done in other 
industry especially in occupational safety study.  It is not easy to come with a single universal direct cost model that 
can be used for various types of industry in calculating the accident direct cost.  However, the theoretical framework 
provided in this study would provide a new research perspective for researchers. 
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